added to plasma or serum have been reported by investigators who have used a tungstic acid protein precipitation and the picric acid method of analysis (1) (2) (3) (4) (5) (6) (7) . Controversy exists as to whether the creatinine is lost by adsorption on the protein precipitate or whether the alkaline picrate formed in these circumstances is modified so that less color is formed. Owen et al. have reported that both the true and apparent creatinine values were influenced by the reagent used for protein precipitation (1) . The true and apparent creatiine values were calculated after using the picric acid method in conjunction with either Lloyd's reagent, (a hydrated aluminum silicate), or by means of specific creatinine destroying bacteria. In this investigation, recoveries of creatinine added to whole blood and plasma were determined with various types of protein-free filtrates and by the o-nitrobenzaldehyde method of analysis. It was found that complete recoveries of creatine and creatiine added to plasma or whole blood were obtained with the tungstic acid method of protein precipitation. The normal values for creatine and creatinine in whole blood and plasma by the o-nitrobenzaldehyde procedure were compared with those obtained by the picric acid method.
METHODS
The o-nitrobenzaldehyde procedure for creatine and creatinine was used according to a previous publication (8) . The picric acid procedure was a modification of the Folin-Wu method (9). To 2 ml. of the 1:7 protein-free filtrate was added 1 ml. of freshly prepared alkaline picrate solution (5 volumes of a saturated water solution of picric acid mixed with 1 volume of 10% NaOH).
The tubes were allowed to stand 15 minutes at room temperature and the color intensities read at 520 mit. Creatine was measured after conversion to creatinine. To 1 ml. of 1:7 tungstic acid filtrate was added 0.2 ml. 1.ON HC1 and the mixture autoclaved for 20 minutes at 1200. After being cooled to room temperature, 1 nil. of alkaline picrate was added, the tubes were allowed to stand 8-10 minutes, 1 ml. of water was added to each, and the color intensities were measured. A Bausch and Lomb "Spectronic 20" spectrophotometer with 4-in. cuvets was used for all measurements.
RESULTS AND DISCUSSION

Various modifications
of the tungstic acid protein precipitation procedure were performed and the recoveries are shown in Table 1 . The To 1 volume of oxalatedwhole blood was added 3 volumes of distilled water or creatine or creatinine standard solutions. 1 volumes of 10% Na2W04 was added followed by 1 volumes of 3 N H,SO. After standing 10 minutes, the mixture was centrifugedaad filtered.
When plasma was used, 4 volumes of water or creatineor creatininestandard solutions was added followed by 1 volume each of 10% Na1WO4 and 9 N H,S04. 5 mg./100 ml. of creatinineadded to the blood or plasma. To 1 volume of whole blood or plasma was added the above volumes of precipitating agents.A 1:7.5protein-free filtrate made. Protein-freefiltrates that were not at pH 3-4 were so adjusted by the addition of acid or alkalibefore the analyses were made.
With plasma, 1 volume each of 10% Na,W04 and 3 N H,S04 was used. In Table 2 are shown the recoveries of creatine and creatinine added to whole blood and plasma with a tungstic acid protein precipitation. The average recovery of the added compounds was 99 per cent. In Table 3 are shown the recoveries of creatinine added to whole blood and plasma when other types of protein precipitation were used. Complete recoveries were obtained with CdSO4 + NaOH, trichloroacetic acid, and perchloric acid. Incomplete recoveries were obtained with Ba(OH)2 + ZnSO4, and NaOH + ZnSO4. Hare also has reported complete recoveries with tungstic acid, CdSO4, and trichloroacetic acid (10). 
SUMMARY
The effect of various types of protein precipitation procedures upon the recovery of creatinine added to blood has been investigated. Complete
